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(57) ABSTRACT 

It is intended to provide a multicolor image forming material 
for laser heat transfer comprising an image receiving sheet 
having an image receiving layer and at least four heat 
transfer sheets having different colors each comprising a 
substrate and a light-heat conversion layer and an image 

forming layer provided thereon, characterized in that (a) Ra 
and Rz shoWing the surface roughness of the image receiv 
ing sheet satisfy the folloWing relationships 3éRz/Raé20 
and 0.5 pm§Rz§3 pm; a multicolor image forming material 
characterized in that: (b) the image forming layer of each of 
the heat transfer sheets has an optical density (OD) to ?lm 
thickness ratio (OD/?lm thickness) of 1.50 or more, each of 
the heat transfer sheets has a multicolor image recording 
area size of from 515 mm><728 mm or more, the resolution 
of the image transferred onto the image receiving layer of 
the image receiving sheet is 2400 dpi or more, the elastic 
modulus of the image receiving layer of the image receiving 
sheet is from 2 to 1200 MPa, and the elastic modulus of the 
cushion layer of the image receiving sheet is from 10 to 300 
MPa; a multicolor image forming material characterized in 
that: (c) the image forming layer of each of the heat transfer 
sheets has an optical density to ?lm thickness ratio of 1.50 
or more, each of the heat transfer sheets has a multicolor 
image recording area size of from 515 mm><728 mm or 
more, the resolution of the image transferred onto the image 
receiving layer of the image receiving sheet is 2400 dpi or 
more, the elastic modulus of the cushion layer of the image 
receiving sheet is from 10 to 1000 MPa, and the interlayer 
adhesion force betWeen the image receiving layer and the 
cushion layer of the image receiving sheet is from 1 to 10 
g/cm (0.0098 to 0.098 N/cm); and a multicolor image 
forming material characterized in that: (d) the image form 
ing layer of each heat transfer sheet has a ?lm thickness of 
0.01 to 1.5 pm; the yield stress in the machine direction (M) 
and the yield stress in the transverse direction (T) of the 
image receiving sheet are both from 30 to 100 MPa, the ratio 
of the yield stress in the machine direction (M) to the yield 
stress in the transverse direction (T) of the image receiving 
sheet (M/T) is from 0.9 to 1.20; and the elongation in the 
machine direction and the elongation in the transverse 
direction of the image receiving sheet are both from 1 to 5%; 
and a multicolor image formation method using these mul 
ticolor image forming materials. 
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MULTICOLOR IMAGE FORMING MATERIAL 
AND METHOD OF MULTICOLOR IMAGE 

FORMING METHOD 

1. TECHNICAL FIELD 

[0001] This invention relates to a multicolor image for 
mation method Whereby a full color image With high reso 
lution is formed by using laser light. More particularly, it 
relates to a multicolor image forming material and a multi 
color image formation method Which are useful in forming 
color proofs (direct digital color proofs (DDCPs)) or mask 
images form digital image signals by laser recording in the 
?eld of printing. 

2. BACKGROUND ART 

[0002] In the ?eld of graphic arts, a printing plate is 
produced using a set of color separation ?lms of a color 
original Which are prepared using lithographic ?lms. In 
general, color proofs are prepared from color separation 
?lms in order to inspect for errors in the color separation step 
and to check the need for color correction and the like before 
the main printing (practical printing operation). Color proofs 
are required to realiZe high resolution enabling accurate half 
tone reproduction, high processing stability and so on. To 
obtain color proofs close to actual prints, it is desirable for 
the materials of color proofs to be the same as those used on 
press, for eXample, the same paper as the base and the same 
pigments as colorants. There is a higher demand for a dry 
process involving no developing solution for the preparation 
of color proofs. 

[0003] With the recent spread of computeriZed systems in 
prepress Work, recording systems for preparing color proofs 
directly from digital signals (dry process) have been devel 
oped. Such computeriZed systems, particularly contem 
plated for preparing high quality color proofs, are generally 
capable of reproducing dot images at 150 lines or more per 
inch. In order to obtain high quality proofs from digital 
signals, a laser beam is used as a recording head, Which is 
capable of modulation according to digital signals and 
focusing into a small spot diameter. Hence it is demanded to 
develop image forming elements that eXhibit high recording 
sensitivity to laser light and high resolution enabling repro 
duction of highly precise dot images. 

[0004] Recording materials knoWn useful in laser transfer 
methods include a heat melt transfer sheet, Which comprises 
a substrate, a light-heat conversion layer capable of absorb 
ing laser light to generate heat, and an image forming layer 
having a pigment dispersed in a heat fusible component 
(e.g., a Wax or a binder) in the order described, as disclosed 
in J P-A-S 58045. In the image formation method using such 
recording materials, a laser-irradiated area of the light-heat 
conversion layer generates heat to melt the image forming 
layer corresponding to the area, and the molten part of the 
image forming layer is transferred to the image receiving 
sheet laminated on the transfer sheet, thereby forming a 
transfer image on the image receiving sheet. 

[0005] J P-A-6-219052 discloses a heat transfer sheet com 
prising a substrate, a light-heat conversion layer containing 
a light-heat converting substance, a highly thin heat release 
layer (0.03 to 0.3 pm), and an image forming layer contain 
ing a colorant. In the case of this heat transfer sheet, the heat 
release layer reduces its bonding strength betWeen the image 
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forming layer and the light-heat conversion layer upon being 
irradiated With laser light. As a result, a high precision 
transfer image is formed on an image receiving sheet 
laminated on the heat transfer sheet to form. The above 
described image formation method With the use of a heat 
transfer sheet utiliZes a phenomenon so-called “ablation”. 
That is, a laser-irradiated area of the heat release layer partly 
decomposes and vaporiZes, resulting in reduction of the 
strength bonding the image forming layer and the light-heat 
conversion layer in that area. As a result, the image forming 
layer of that area is transferred to the image receiving sheet 
having the image receiving layer laminated thereon. 

[0006] These imaging formation methods are advanta 
geous in that use can be made of printing paper having an 
image receiving layer (adhesive layer) as an image receiving 
sheet material, that a multicolor image can easily be 
obtained by successively transferring images of different 
colors onto the same image receiving sheet, and so on. The 
method utiliZing ablation is particularly advantageous for 
ease of forming a highly precise image and is useful to 
prepare color proofs (DDCPs: direct digital color proofs) or 
precise mask images. 

[0007] With the spread of DPT Work, printing companies 
adopting a computer-to-plate (CTP) system have a strong 
demand for a DDCP system, Which eliminates the need of 
intermediate ?lm or plate output as has been involved in 
traditional analog proo?ng. In recent years, DDCPs With 
higher qualities, higher stability, and larger siZes have been 
demanded as good approximations to the ?nal prints. 

[0008] Laser heat transfer systems, Whereby images at 
high resolution can be formed formation, include (1) a laser 
sublimation system, (2) a laser ablation system, (3) a laser 
melt system, etc., though each of Which has the problem that 
the recorded dot shape is not sharp enough. In the laser 
sublimation system (1), dyes are used as colorants, Which 
results in such problems as insufficient ?nal print approxi 
mation and blurred dot outlines due to dye sublimation, 
thereby failing to achieve sufficiently high-resolution. In the 
laser ablation system, on the other hand, pigments are used 
as colorants and thus a satisfactory ?nal print approximation 
can be achieved. HoWever, the dots are also blurred and only 
insufficient resolution can be obtained similarly to the dye 
sublimation system because of the involvement of colorant 
scattering. The laser melt system (3) also fails to create clear 
dot outlines because the molten colorant ?oWs. 

[0009] In image recording systems using laser light, use 
has been recently made of laser light comprising multibeam, 
i.e., a plurality of laser beams to shorten the recording time. 
When an image is recorded using multibeam laser light, 
hoWever, it is sometimes observed that the transferred image 
formed on an image receiving sheet has an insuf?cient image 
density. A particularly remarkable decrease in the image 
density arises in the case of recording high-energy laser. As 
the results of discussions by the inventor, it is found out that 
the decrease in the image density is caused by uneven 
transfer occurring in high-energy laser irradiation. 

[0010] The image receiving layer of the image receiving 
sheet contains a matting agent to ensure vacuum contact to 
the heat transfer sheet. Thus, the clearance is controlled to 
prevent transfer errors such as White image spots and dot 
defects caused by unevenness on the recording drum or dust 
or debris. HoWever, a liquid coating composition containing 
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the matting agent undergoes sedimentation With the passage 
of time, Which results in unevenness in the performance of 
the image receiving sheet. As a result, there arises a problem 
that the transfer errors such as White image spots and dot 
defects cannot be suf?ciently prevented. 

[0011] There are additional problems such that the transfer 
properties onto Wood-free paper (paper With high surface 
roughness) still remains insuf?cient and that the image 
surface is sticky after transferred onto printing paper. 

[0012] There is an additional problem that so-called “pick 
ing” occurs by image defects or poor transfer release due to 
dust or debris in transfer onto printing paper. 

[0013] Furthermore, there is a problem that only an insuf 
?cient register accuracy is achieved, thus causing image 
distortion. 

DISCLOSURE OF THE INVENTION 

[0014] An object of the present invention is to solve the 
above problems occurring in the prior art and provide a 
multicolor image forming material and a multicolor image 
formation method Whereby a high quality, high stability, and 
large siZe DDCP having a good ?nal print approximation 
can be obtained. More speci?cally speaking, an object of the 
present invention is to provide a multicolor image forming 
material and a multicolor image formation method having 
the folloWing characteristics: 1) in thin ?lm transfer of 
colorants, a heat transfer sheet being excellent in dot sharp 
ness and stability Without being affected by an illumination 
color source When compared With pigment colorants and 
prints; 2) an image receiving sheet stabiliZing the image 
forming layer of a laser energy heat transfer sheet and 
ensuring image receiving; 3) enabling transfer onto printing 
papers including art (coated) paper, mat paper, coated ?ne 
paper and so on Within range of at least 64 to 157 g/m2 and 
ensuring the reproduction of delicate textures and accurate 
paper brightness (high-key parts); and 4) being capable of 
forming images, Which have excellent image qualities and 
stable transfer density, on an image receiving sheet even in 
the case of high-energy laser recording With multibeam laser 
light under various temperature and humidity conditions. 

[0015] Among all, an object of the present invention is to 
provide a multicolor image forming material having an 
image receiving sheet Which suffers from little White image 
spots and dot defects caused by unevenness on the recording 
drum or dust or debris. 

[0016] Another object of the present invention is to pro 
vide a multicolor image forming material Which has favor 
able transfer properties onto Wood-free paper (paper With 
high surface roughness) employed as printing paper, shoWs 
no stickiness on the image surface after transfer onto the 
printing paper, and is excellent in blocking resistance in the 
case of piling up transferred images together. 

[0017] Still another object of the present invention is to 
provide a multicolor image forming material Which suffers 
from no so-called picking caused by image defects due to 
dust or debris or insuf?cient transfer releasing in the step of 
transfer onto printing paper. 

[0018] Still another object of the present invention is to 
provide a multicolor image forming material Which is excel 
lent in register accuracy and causes no image distortion. 
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[0019] Moreover, the present invention aims at providing 
a multicolor mage formation method by using these multi 
color image forming materials thus provided. 

[0020] That is to say, means of achieving the above 
described objects are as folloWs. 

[0021] <1> A multicolor image forming material for laser 
heat transfer comprising an image receiving sheet having an 
image receiving layer and at least four heat transfer sheets 
having different colors including yelloW, magenta, cyan and 
black each comprising a substrate and a light-heat conver 
sion layer and an image forming layer provided thereon, 
characteriZed in that Ra and R2 shoWing the surface rough 
ness of the image receiving sheet satisfy the folloWing 
relationships 3éRz/Raé20 and 0.5 pm§RZ§3 pm. 

[0022] <2> A multicolor image forming material as 
described in the above <1> characteriZed in that the surface 
roughness of the image receiving sheet is formed by using 
Benard cells. 

[0023] <3> A multicolor image forming material as 
described in the above <1> or <2> characteriZed in that the 
image receiving layer of the image receiving sheet is formed 
by using a liquid coating composition for image receiving 
layer Which contains an organic solvent having a boiling 
point of 70° C. or loWer in an amount of 30% by mass or 
more based on the total organic solvents employed and has 
a viscosity of 15 mPa~S or more. 

[0024] <4> A multicolor image forming material compris 
ing an image receiving sheet having a substrate and a 
cushion layer and an image receiving layer provided thereon 
and at least four heat transfer sheets having different colors 
including yelloW, magenta, cyan and black each comprising 
a substrate and at least a light-heat conversion layer and an 
image forming layer provided thereon, each of the heat 
transfer sheets being adapted to be superposed on the image 
receiving sheet With the image forming layer facing the 
image receiving layer and irradiated With laser light to 
transfer the irradiated area of the image forming layer to the 
image receiving layer to record a multicolor image on the 
image receiving sheet, characteriZed in that: 

[0025] (a) the image forming layer of each of the heat 
transfer sheets has an optical density (OD) to ?lm 
thickness ratio (OD/?lm thickness) of 1.50 or more; 

[0026] (b) each of the heat transfer sheets has a 
multicolor image recording area siZe of from 515 
mm><728 mm or more; 

[0027] (c) the resolution of the image transferred onto 
the image receiving layer of the image receiving 
sheet is 2400 dpi or more; 

[0028] (d) the elastic modulus of the image receiving 
layer of the image receiving sheet is from 2 to 1200 
MPa; and 

[0029] (e) the elastic modulus of the cushion layer of 
the image receiving sheet is from 10 to 300 MPa. 

[0030] <5> A multicolor image forming material as 
described in the above <4> characteriZed in that the image 
forming layer in the laser-irradiated area is transferred in the 
sate of a thin ?lm onto the image receiving sheet. 
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[0031] <6> A multicolor image forming material as 
described in the above <4> or <5> characterized in that the 
heat transfer sheets comprise at least four heat transfer 
sheets of yelloW, magenta, cyan and black. 

[0032] <7> A multicolor image forming material as 
described in any of the above <4> to <6> characteriZed in 
that the resolution of the transferred image is 2600 dpi or 
more. 

[0033] <8> A multicolor image forming material as 
described in any of the above <4> to <7> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets has an optical density (OD) to ?lm thickness ratio 
(OD/?lm thickness) of 1.80 or more. 

[0034] <9> A multicolor image forming material as 
described in the above <8> characteriZed in that the image 
forming layer of each of the heat transfer sheets has an 
optical density (OD) to ?lm thickness ratio (OD/?lm thick 
ness) of 2.50 or more. 

[0035] <10> A multicolor image forming material as 
described in any of the above <4> to <9> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets and the image receiving layer of the image receiving 
sheet have each a contact angle to Water ranging from 7.0 to 
120.0°. 

[0036] <11> A multicolor image forming material as 
described in any of the above <4> to <10> characteriZed in 
that each of the heat transfer sheets has a multicolor image 
recording area siZe of from 594 mm><841 mm or more. 

[0037] <12> A multicolor image forming material as 
described in any of the above <4> to <11> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets has an optical density (OD) to ?lm thickness ratio 
(OD/?lm thickness) of 1.80 or more and the image receiving 
sheet has a contact angle to Water of 86° or less. 

[0038] <13> A multicolor image forming material com 
prising an image receiving sheet having a substrate and a 
cushion layer and an image receiving layer provided thereon 
and at least four heat transfer sheets having different colors 
including yelloW, magenta, cyan and black each comprising 
a substrate and at least a light-heat conversion layer and an 
image forming layer provided thereon, each of the heat 
transfer sheets being adapted to be superposed on the image 
receiving sheet With the image forming layer facing the 
image receiving layer and irradiated With laser light to 
transfer the irradiated area of the image forming layer to the 
image receiving layer to record a multicolor image on the 
image receiving sheet, characteriZed in that: 

[0039] (a) the image forming layer of each of the heat 
transfer sheets has an optical density (OD) to ?lm 
thickness ratio (OD/?lm thickness) of 1.50 or more; 

[0040] (b) each of the heat transfer sheets has a 
multicolor image recording area siZe of from 515 
mm><728 mm or more; 

[0041] (c) the resolution of the image transferred onto 
the image receiving layer of the image receiving 
sheet is 2400 dpi or more; 

[0042] (d) the elastic modulus of the cushion layer of 
the image receiving sheet is from 10 to 1000 MPa; 
and 
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[0043] (e) the interlayer adhesion force betWeen the 
image receiving layer and the cushion layer of the 
image receiving sheet is from 1 to 10 g/cm (0.0098 
to 0.098 N/cm). 

[0044] <14> A multicolor image forming material as 
described in the above <13> characteriZed in that the image 
forming layer in the laser-irradiated area is transferred in the 
sate of a thin ?lm onto the image receiving sheet. 

[0045] <15> A multicolor image forming material as 
described in the above <13> or <14> characteriZed in that 
the heat transfer sheets comprise at least four heat transfer 
sheets of yelloW, magenta, cyan and black. 

[0046] <16> A multicolor image forming material as 
described in any of the above <13> to <15> characteriZed in 
that the resolution of the transferred image is 2600 dpi or 
more. 

[0047] <17> A multicolor image forming material as 
described in any of the above <13> to <16> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets has an optical density (OD) to ?lm thickness ratio 
(OD/?lm thickness) of 1.80 or more. 

[0048] <18> A multicolor image forming material as 
described in the above <17> characteriZed in that the image 
forming layer of each of the heat transfer sheets has an 
optical density (OD) to ?lm thickness ratio (OD/?lm thick 
ness) of 2.50 or more. 

[0049] <19> A multicolor image forming material as 
described in any of the above <13> to <18> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets and the image receiving layer of the image receiving 
sheet have each a contact angle to Water ranging from 7.0 to 
120.0°. 

[0050] <20> A multicolor image forming material as 
described in any of the above <13> to <19> characteriZed in 
that each of the heat transfer sheets has a multicolor image 
recording area siZe of from 594 mm><841 mm or more. 

[0051] <21> A multicolor image forming material as 
described in any of the above <13> to <20> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets has an optical density (OD) to ?lm thickness ratio 
(OD/?lm thickness) of 1.80 or more and the image receiving 
sheet has a contact angle to Water of 86° or less. 

[0052] <22> A material for forming a multicolor image 
comprising an image receiving sheet having an image 
receiving layer and at least four heat transfer sheets having 
different colors including yelloW, magenta, cyan and black 
each comprising a substrate and at least a light-heat con 
version layer and an image forming layer provided thereon, 
each of the heat transfer sheets being adapted to be super 
posed on the image receiving sheet With the image forming 
layer facing the image receiving layer and irradiated With 
laser light to transfer the irradiated area of the image forming 
layer to the image receiving layer to record a multicolor 
image on the image receiving sheet, characteriZed in that: 

[0053] (a) the image forming layer of each heat 
transfer sheet has a ?lm thickness of 0.01 to 1.5 pm; 

[0054] (b) the yield stress in the machine direction 
(M) and the yield stress in the transverse direction 
(T) of the image receiving sheet are both from 30 to 
100 MPa; 
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[0055] (c) the ratio of the yield stress in the machine 
direction (M) to the yield stress in the transverse 
direction (T) of the image receiving sheet (M/T) is 
from 0.9 to 1.20; and 

[0056] (d) the elongation in the machine direction 
and the elongation in the transverse direction of the 
image receiving sheet are both from 1 to 5%. 

[0057] <23> A multicolor image forming material as 
described in the above <22> characteriZed in that the ratio of 
the elongation in the machine direction to the elongation in 
the transverse direction of the image receiving sheet is 1.2 
or less. 

[0058] <24> A multicolor image forming material as 
described in the above <22> or <23> characteriZed in that 
the resolution of the transferred image is 2400 dpi or more. 

[0059] <25> A multicolor image forming material as 
described in the above <22> or <23> characteriZed in that 
the resolution of the transferred image is 2600 dpi or more. 

[0060] <26> A multicolor image forming material as 
described in any of the above <22> to <25> characteriZed in 
that the heat transfer sheets comprise at least four heat 
transfer sheets of yelloW, magenta, cyan and black. 

[0061] <27> A multicolor image forming material as 
described in any of the above <22> to <26> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets has an optical density (OD) to ?lm thickness ratio 
(OD/?lm thickness) of 1.50 or more. 

[0062] <28> A multicolor image forming material as 
described in the above <27> characteriZed in that the image 
forming layer of each of the heat transfer sheets has an 
optical density (OD) to ?lm thickness ratio (OD/?lm thick 
ness) of 1.80 or more. 

[0063] <29> A multicolor image forming material as 
described in the above <27> characteriZed in that the image 
forming layer of each of the heat transfer sheets has an 
optical density (OD) to ?lm thickness ratio (OD/?lm thick 
ness) of 2.50 or more. 

[0064] <30> A multicolor image forming material as 
described in any of the above <22> to <29> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets and the image receiving layer of the image receiving 
sheet have each a contact angle to Water ranging from 7.0 to 
120.0°. 

[0065] <31> A multicolor image forming material as 
described in any of the above <22> to <30> characteriZed in 
that each of the heat transfer sheets has a multicolor image 
recording area siZe of from 515 mm><724 mm or more. 

[0066] <32> A multicolor image forming material as 
described in the above <31> characteriZed in that each of the 
heat transfer sheets has a multicolor image recording area 
siZe of from 594 mm><841 mm or more. 

[0067] <33> A multicolor image forming material as 
described in any of the above <22> to <32> characteriZed in 
that the image forming layer of each of the heat transfer 
sheets has an optical density (OD) to ?lm thickness ratio 
(OD/?lm thickness) of 1.80 or more and the image receiving 
sheet has a contact angle to Water of 86° or less. 
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[0068] <34> A multicolor image forming material as 
described in any of the above <22> to <33> characteriZed in 
that the image receiving sheet comprises a substrate and a 
cushion layer and an image receiving layer provided thereon 
and the elastic modulus of the cushion layer ranges from 100 
to 300 MPa. 

[0069] <35> A multicolor image formation method com 
prising the step of using a multicolor image forming material 
comprising an image receiving sheet having an image 
receiving layer and at least four heat transfer sheets having 
different colors including yelloW, magenta, cyan and black 
each comprising a substrate and at least a light-heat con 
version layer and an image forming layer provided thereon; 
superposing each of the heat transfer sheets being on the 
image receiving sheet With the image forming layer facing 
the image receiving layer; and irradiating With laser light to 
transfer the irradiated area of the image forming layer to the 
image receiving layer to record a multicolor image on the 
image receiving sheet, characteriZed in that the multicolor 
image forming material is a multicolor image forming 
material as described in any of the above <1>to <34>. 

[0070] <36> A multicolor image formation method as 
described in theabove<35> characteriZed in that the light 
heat conversion layer of each heat transfer sheet is softened 
by the laser irradiation and thus the image forming layer on 
the light-heat conversion layer is pushed up and transferred 
as a thin ?lm onto the image receiving layer of the image 
receiving sheet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0071] FIG. 1 provides a draWing shoWing a scheme for 
the mechanism of forming a multicolor image by the then 
?lm heat transfer using laser light. 

[0072] FIG. 2 provides a draWing shoWing an eXample of 
the con?guration of a laser heat transfer recording apparatus. 

[0073] FIG. 3 provides a draWing shoWing an eXample of 
the con?guration of a heat transfer apparatus. 

[0074] FIG. 4 provides a draWing shoWing an eXample of 
the system con?guration using a laser heat transfer recording 
apparatus FINALPROOF. 

[0075] FIG. 5 provides a draWing shoWing an eXample of 
the con?guration of a laser heat transfer recording apparatus 
using a simpli?ed recording medium cassette. 

[0076] FIG. 6 provides a draWing particularly shoWing an 
eXample of the laser irradiation unit of a laser heat transfer 
recording apparatus using a simpli?ed recording medium 
cassette. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0077] We previously studied to provide DDCPs of B2/A2 
or larger siZes and even of B1/A1 or larger siZes While 
retaining high image quality, high quality stability, and 
satisfactory approximation to an actual ?nished level. As a 
result, We developed a laser heat transfer recording system 
for DDCP, Which uses an image forming element charac 
teriZed by capability of image transfer to the same paper as 
printing paper, capability of outputting true halftone dots, 
use of pigments as a colorant, and large siZes of B2 or larger 
together With an output device and a high quality CMS 
softWare. 
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[0078] Performance features, system con?guration and 
technical merits of the laser heat recording system devel 
oped by us reside in: (1) sharp dot formation, Which offers 
a favorable approximation to ?nal prints; (2) a satisfactory 
hue approximation to ?nal prints; (3) stable proof quality 
oWing to performance stability scarcely affected by envi 
ronmental temperature and humidity and high repetition 
reproducibility; and (4) an image receiving sheet capable of 
stably and surely receiving an image forming layer of a laser 
energy heat transfer sheet. From the vieWpoint of material 
design, technical key points that alloW the achievement of 
these characteristics in performance are establishment of 
thin ?lm transfer technology and improvements in the 
capability of holding vacuum contact, folloW-up property 
for high resolution recording and heat resistance required in 
laser heat transfer system materials More speci?cally, the 
folloWing points may be cited: (1) introduction of an infra 
red absorbing colorant, Which permits thickness reduction of 
a light-heat conversion layer; (2) introduction of a high-Tg 
polymer, Which enhances heat resistance of a light-heat 
conversion layer; (3) introduction of a heat-resistant pig 
ment, Which leads to hue stabiliZation; (4) addition of a 
loW-molecular component, such as a Wax and an inorganic 
pigment, Which controls adhesion and cohesion forces; (5) 
addition of a matting agent to a light-heat conversion layer, 
Which ensures intimate adhesion to an image receiving sheet 
Without causing image quality deterioration, and so on. 
From the vieWpoint of system design, on the other hand, 
technical key points reside in: (1) an air ejection system 
adopted to a recording apparatus, With Which a plurality of 
sheets can be stacked; (2) the manner of inserting a sheet of 
printing paper a heat transfer apparatus, Which is effective to 
prevent the printing paper from curling after heat transfer; 
(3) connection to a general-purpose output drive Which 
alloWs broadening of system con?guration freedom, and so 
on. 

[0079] Signi?cance of the present invention in the above 
mentioned system developed by us resides in providing a 
multicolor image forming material and a multicolor image 
formation method suited to the above-described system. 
Among all, the ?rst aspect of the present invention is of high 
importance particularly in providing a multicolor image 
forming material comprising an image receiving sheet With 
little transfer errors such as White image spots and dot 
defects caused by unevenness on the recording drum or dust 
or debris. 

[0080] The multicolor image forming material according 
to the ?rst aspect of the present invention is a multicolor 
image forming material for laser heat transfer Which is 
speci?ed depending on the surface unevenness, i.e., surface 
roughness de?ned by the values Ra and R2. 

[0081] The surface roughness Ra means a center-line 
average surface roughness Ra Which is measured in accor 
dance With JIS B0601. On the other hand, R2 is a 10 point 
height parameter corresponding to the R2 (maximum height) 
speci?ed in JIS B 0601. The surface roughness R2 is 
obtained by computing the average height difference 
betWeen the ?ve highest peaks and the ?ve loWest valleys 
With respect to the mean plane Within an evaluation area. A 
stylus type 3D roughness meter (Surfcom 570A-3DF, avail 
able from Tokyo Seimitsu Co., Ltd.) is used for measuring 
Ra and R2. The measurement is performed in the longitu 
dinal direction, the cut-off length is 0.08 mm, the evaluation 
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area is 0.6 mm by 0.4 mm, the sampling pitch is 0.005 mm, 
and the speed of measurement is 0.12 mm/sec. In the 
description of the present case, Ra and R2 are de?ned in the 
same manner as described above. 

[0082] In the present invention, the image receiving sheet 
surface is controlled so as to satisfy the folloWing relation 
ships, i.e., 3§RZ/Ra§20 and 0.5 pm§RZ§3 pm, preferably 
2§RZ/Ra§ 10 and 0.7 pm§RZ§2 pm, still preferably 
4§RZ/Ra§8 and 0.8 pméRZé 1.5 pm. 

[0083] By controlling the surface unevenness of the image 
receiving sheet, the adhesion betWeen the image receiving 
sheet and the heat transfer sheets can be enhanced. As a 
result, White image spots caused by unevenness on the 
recording drum or dust or debris scarcely occur and dot 
defects are lessened, thereby achieving a clearance With 
improved uniformity. 

[0084] The Ra and R2 values as described above may be 
controlled by arbitrary methods Without restriction. Gener 
ally knoWn methods therefor include post-treatments such as 
embossing, addition of a matting agent to a coating layer, 
and use of Benard cells. The method With the use of Benard 
cells is preferred. This is because in the method With the use 
of Benard cells, sedimentation of particles in a liquid coating 
composition can be Well prevented and a stable image 
receiving sheet can be obtained compared With the method 
of adding a matting agent or the like. It is preferable that the 
surface unevenness of the image receiving sheet is provided 
on the surface of the image receiving layer. 

[0085] The term “Benard cells” as used herein means a 
phenomenon giving a not smooth but uneven coating face 
just like orange peel in the case of coating (Toso no Jiten, 
Asakura Shoten). 

[0086] In the present case, it is assumed that, in the drying 
step for forming the image receiving layer, there arises’ a 
difference in concentration Within the liquid coating com 
position due to convention and, in its turn, there also arises 
a difference in surface tension Which results in the cell-like 
unevenness on the surface. 

[0087] Concerning a method of forming Benard cells on 
the image receiving layer surface, desired uneven Benard 
cells can be obtained by appropriately controlling the sur 
face tension, viscosity, solvent boiling point, solid content, 
coating amount, etc. of the liquid coating composition for 
forming the image receiving layer. It is preferable not to use 
a ?uorine-based surfactant or a silicone-based surfactant 

Which enhance the leveling effect of the liquid coating 
composition. 

[0088] NoW, the liquid coating composition for forming 
the image receiving layer Will be illustrated. The surface 
tension is preferably 20 mN/m or more, still preferably from 
22 to 25 mN/m. The viscosity is preferably from 15 mPa~S 
or more, still preferably from 15 to 40 mPa-S and particu 
larly preferably from 20 to 30 mPa-S. The solid content is 
preferably from 3 to 10%, still preferably from 5 to 8%. The 
coating amount preferably ranges from 30 to 100 ml/m2, still 
preferably from 40 to 70 ml/m2. Concerning the organic 
solvent to be employed, it is preferable to use an organic 
solvent having a boiling point of 70° C. or loWer in an 
amount of 30% by mass or more, still preferably 40% by 
mass or more, based on the total organic solvents employed. 
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[0089] As the second aspect of the present invention, it is 
intended to provide a multicolor image forming material 
suitable for the above-described system having been devel 
oped by us. Signi?cance of the second aspect of the present 
invention resides in providing a multicolor image forming 
material Which has favorable transfer properties onto Wood 
free paper (paper With high surface roughness) employed as 
printing paper, shoWs no stickiness on the image surface 
after transfer onto the printing paper, and is eXcellent in 
blocking resistance in the case of piling up transferred 
images together. 

[0090] In the second aspect of the present invention, the 
elastic modulus of the image receiving layer of the image 
receiving sheet ranges from 2 to 1200 MPa and preferably 
from 600 to 1000 MPa at room temperature. In the case 
Where the elastic modulus of the image receiving layer falls 
Within the range as speci?ed above, coupled With the factor 
relating to the elastic modulus of the cushion layer as Will be 
described hereinafter, the transfer properties onto Wood-free 
paper employed as the printing paper are improved and the 
stickiness of the image face after the transfer onto the 
printing paper is largely relieved. When the elastic modulus 
of the image receiving layer exceeds 1200 MPa, defects 
caused by dust or debris become serious due to the hardness 
and the adhesion is Worsened. When it is less than 2 MPa, 
on the other hand, the transfer properties and stickiness are 
not improved. The elastic modulus of the image receiving 
layer can be controlled by altering the ratio of a binder, etc. 

[0091] The elastic modulus of the cushion layer ranges 
from 10 to 300 MPa and preferably from 40 to 250 MPa at 
room temperature. In the case Where the elastic modulus of 
the cushion layer falls Within the range as speci?ed above, 
coupled With the factor relating to the elastic modulus of the 
image receiving layer as described above, the transfer prop 
erties onto Wood-free paper employed as the printing paper 
are improved and the stickiness of the image face after the 
transfer onto the printing paper is largely relieved. When the 
elastic modulus of the cushion layer exceeds 300 MPa, the 
transfer properties and defects caused by dust or debris are 
Worsened. On the other hand, an elastic modulus of the 
cushion layer less than 10 MPa causes poor sliding proper 
ties and stickiness. The elastic modulus of the cushion layer 
can be controlled depending on the type of a plasticiZer or 
a binder. 

[0092] In the second aspect of the present invention, the 
image receiving sheet is provided With the cushion layer 
having an appropriate elastic modulus and the image receiv 
ing layer having an appropriate elastic modulus. Thus, the 
transfer properties of a multicolor image, Which has been 
transferred onto the image receiving sheet, to Wood-free 
paper employed as the printing paper are improved and the 
problem of the stickiness of the image face after the transfer 
onto the printing paper is solved. As a result, there arises no 
blocking in the case of piling up transferred image faces of 
printing paper sheets. 

[0093] In the third aspect of the present invention, fur 
thermore, it is intended to provide a multicolor image 
forming material appropriate for the system having been 
developed by us. Among all, signi?cance of the third aspect 
of the present invention resides in providing a multicolor 
image forming material Which suffers from no so-called 

Jun. 9, 2005 

picking caused by image defects due to dust or debris or 
insufficient transfer releasing in the step of transfer onto 
printing paper. 
[0094] In the multicolor image forming material according 
to the third aspect of the present invention, the cushion layer 
of the image receiving sheet has an elastic modulus of from 
10 to 1000 MPa, preferably from 100 to 1000 MPa and still 
preferably from 100 to 300 MPa at room temperature. In the 
case Where the elastic modulus of the cushion layer falls 
Within the range as speci?ed above, defects due to dust and 
debris are lessened and, moreover, the occurrence of so 
called “picking” caused by the interlayer adhesion force in 
the image receiving side overWhelming the cohesive force of 
paper is prevented. The elastic modulus of the cushion layer 
can be controlled by altering the binder/plasticiZer ratio. In 
addition, use can be preferably made of a surfactant and so 
on. 

[0095] The image receiving layer adheres to the cushion 
layer until the laser recording step. To easily release the 
image receiving layer from the cushion layer in the step of 
transferring an image to the printing paper, it is desirable that 
the interlayer adhesion force betWeen the image receiving 
layer and the cushion layer ranges at least from 1 to 10 g/cm 
(z0.0098 to 0.098 N/cm) even in the case of forming an 
intermediate release layer as Will be described hereinafter. In 
the case Where the interlayer adhesion force betWeen the 
image receiving layer and the cushion layer falls Within the 
range as speci?ed above, the transfer of an image onto 
Wood-free paper can be improved. The interlayer adhesion 
force betWeen the image receiving layer and the cushion 
layer can be controlled by altering the binder/plasticiZer 
ratio. 

[0096] In the third aspect of the present invention, the 
image receiving sheet is provided With the cushion layer 
having an appropriate elastic modulus as described above 
and the interlayer adhesion force betWeen the image receiv 
ing layer and the cushion layer is adequately set to thereby 
improve the transfer properties of an image, Which has been 
transferred onto the image receiving sheet, onto Wood-free 
paper. 

[0097] In the fourth aspect of the present invention, sig 
ni?cance of the present invention in the above-mentioned 
system developed by us resides in providing a multicolor 
image forming material suited to the above-described sys 
tem. Among all, the fourth aspect of the present invention is 
of high importance particular in providing a multicolor 
image forming material Which is eXcellent in register accu 
racy and causes no image distortion. 

[0098] In the multicolor image forming material according 
to the fourth aspect of the present invention, the image 
receiving sheet satis?es the folloWing requirements in ten 
sile properties. 
[0099] (1) The yield stress in the machine direction (M) 
and the yield stress in the transverse direction (T) of the 
image receiving sheet are both from 40 to 70 MPa. 

[0100] (2) The ratio of the yield stress in the machine 
direction (M) to the yield stress in the transverse direction 
(T) of the image receiving sheet (M/T) is from 0.9 to 1.20 
and preferably from 0.95 to 1.15. 

[0101] (3) The elongation in the machine direction and the 
elongation in the transverse direction of the image receiving 
sheet are both from 1 to 5% and preferably from 2 to 4%. 
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[0102] It is still preferable that the ratio of the elongation 
in the machine direction to the elongation in the transverse 
direction is 1.2 or less, still preferably 1.1 or less. 

[0103] By appropriately setting the yield stress in the 
machine direction (M) and the yield stress in the transverse 
direction (T) of the image receiving sheet above, the ratio of 
these values and the elongations in respective directions as 
described above, the register accuracy of the transferred 
image can be improved and image distortion is regulated. In 
addition, defects due to dirt or debris can be lessened, 
thereby providing a transferred image of high qualities. 

[0104] The present invention further provides a multicolor 
image formation method using the multicolor image forming 
materials according to the ?rst to fourth aspects of the 
present invention. Namely, the multicolor image formation 
method according to the present invention is a multicolor 
image formation method comprising the step of using a 
multicolor image forming material comprising an image 
receiving sheet having an image receiving layer and at least 
four heat transfer sheets having different colors each com 
prising a substrate and at least a light-heat conversion layer 
and an image forming layer provided thereon; superposing 
each of the heat transfer sheets being on the image receiving 
sheet With the image forming layer facing the image receiv 
ing layer; and irradiating With laser light to transfer the 
irradiated area of the image forming layer to the image 
receiving layer to record a multicolor image on the image 
receiving sheet, characteriZed in that the multicolor image 
forming material is a multicolor image forming material 
according to any of the ?rst to fourth aspects of the present 
invention as described above. 

[0105] Next, the Whole system developed by us, including 
the contents of the present invention, Will be described. The 
system according to the present invention adopts a neWly 
developed thin ?lm heat transfer system to accomplish high 
resolution and high image qualities. The system is capable of 
producing a transfer image at a high resolution of 2400 dpi 
or more, preferably 2600 dpi or more. The thin ?lm heat 
transfer system is such that an image forming layer having 
a thickness of form 0.01 to 0.9 gm is transferred to an image 
receiving sheet in the state not melted or hardly melted. In 
other Words, the irradiated area of the image forming layer 
is transferred While keeping its shape as thin ?lm so that an 
extremely high resolution is achieved. In order to carry out 
thin ?lm transfer effectively, it is preferred that the light-heat 
conversion layer is thermally deformed into a dome shape 
by photo recording. The dome-shaped light-heat conversion 
layer pushes the image forming layer outWard, Whereby the 
adhesion force of the image forming layer to the image 
receiving layer is enhanced and thus transfer is facilitated. 
Great deformation generates a great force pushing the image 
forming layer toWard the image receiving layer and results 
in easy transfer. Small deformation produces only a small 
pushing force and fails to accomplish perfect transfer in 
some parts. Hence, preferable deformation in thin ?lm 
transfer, Which is observed With a color laser microscope 
(VK8500 supplied by Keyence Corp), should be quanti?ed 
as a measure of transfer capabilities. The degree of defor 
mation is represented by a deformation percentage obtained 
by dividing the sum of the cross-sectional area (a) of the 
layer after irradiation and the cross-sectional area (b) of the 
light-heat conversion layer before irradiated by the cross 
section area (b) of the light-heat conversion layer before 
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irradiated and multiplying the quotient by 100. That is, 
deformation percentage (%)={(a+b)/(b)}><100. A deforma 
tion percentage preferred for thin ?lm transfer is 110% or 
higher, preferably 125% or higher, still preferably 150% or 
higher. While the deformation percentage could eXceed 
250% as long as the heat-light conversion layer has an 
increased elongation at break, a preferred upper limit is 
usually about 250%. 

[0106] The technical key points of image forming mate 
rials in the thin ?lm heat transfer recording system are as 
folloWs. 

[0107] 1. Balance BetWeen High-Temperature Response 
and Storage Stability 

[0108] In order to attain high image qualities on transfer, 
the image forming layer must have a small thickness on the 
order of submicrons. HoWever, the layer should contain a 
pigment in a high concentration enough to give a desired 
image density, Which con?icts With fast heat response. 
Besides, heat response properties also con?ict With storage 
(adhesion) stability. These con?icting problems are settled 
by development of novel polymers and additives. 

[0109] 2. Ensure High Vacuum Contact 

[0110] In the thin ?lm transfer technique in pursuit of high 
resolution, it is desirable that the transfer interface is as 
smooth as possible. HoWever, such surface smoothness 
interferes With suf?cient vacuum contact. Therefore, depart 
ing from the common knowledge relating to vacuum con 
tact, a relatively large amount of a matting agent having a 
relatively small particle siZe is incorporated into a layer 
located under the image forming layer to thereby maintain a 
moderate uniform gap betWeen the transfer sheet and the 
image receiving sheet. As a result, vacuum contact capa 
bilities are achieved Without causing any White spots due to 
the matting agent and Without ruining the advantages of the 
thin ?lm transfer technology. 

[0111] 3. Use of Heat-Resistant Organic Materials 

[0112] On laser recording, the temperature of the light 
heat conversion layer Which converts laser light energy to 
heat energy attains about 700° C., While the temperature of 
the image forming layer containing a pigment attains about 
500° C. We have developed a denatured polyimide usable in 
organic solvent coating techniques as a material of the 
light-heat conversion layer. We have also developed a pig 
ment as a colorant of the image forming layer Which is 
superior in heat-resistance, safety and ?t for color matching 
to printing pigments. 

[0113] 4. Ensure Surface Cleanness 

[0114] Debris or dust present betWeen the heat transfer 
sheet and the image receiving sheet leads to serious image 
defects in thin ?lm transfer, thereby causing a serious 
problem. Since dust outside the equipment can enter or dust 
can occur during sheet cutting operation, material manage 
ment alone is insuf?cient to keep the elements clean. It has 
therefore been necessary to ?t the equipment With a dust 
removing mechanism. HoWever, We have found a material 
With moderate tackiness Whereby the surface of the image 
forming elements can be cleaned. Thus, it has been success 
fully achieved to remove dust Without accompanying pro 
ductivity reduction by using sheet feed rollers made of this 
material. 
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[0115] The Whole system according to the present inven 
tion Will hereinafter be described in greater detail. 

[0116] In the present invention, it is preferred to produce 
a heat transfer image of sharp dots, to re-transfer the transfer 
image to printing paper, and to achieve recording over B2 or 
larger siZes (515 mm><728 mm or more). It is still preferable 
to provide a system alloWing recording over B2 (543 
mm><765 mm) or larger siZes. 

[0117] One of the performance features of the system 
developed by us is capability of forming sharp dots. The 
resolution achievable With this system is 2400 dpi or higher, 
and a transfer image having a resolution according to a 
desired number of lines per inch (lpi) can be obtained by the 
system. The individual dots have very sharp edges substan 
tially free from blur or de?ciency. Full range of dots from 
highlights to shadoWs can be formed clearly. As a result, the 
system is capable of outputting high quality dots at the same 
level of resolution as obtained With an image setter or a CTP 
setter to give an approximation to dots and gradation of ?nal 
printed products. 

[0118] A second performance feature of the system devel 
oped by the present invention is satisfactory cyclic repro 
ducibility (repeatability). Since a heat transfer image With 
sharp dots can be obtained, dots are reproduced in good 
agreement With a laser beam. Additionally, because of very 
small environmental dependency of recording characteris 
tics, the results of repetition are stable in hue and density in 
a Wide range of environmental conditions. 

[0119] A third performance feature of the system devel 
oped by the present invention is satisfactory color reproduc 
ibility. Since the system employs the same pigments as used 
in printing inks and has satisfactory cyclic reproducibility, 
highly accurate color management system (CMS) can be 
realiZed. 

[0120] The heat transfer image obtained substantially 
matches the color hues of ?nal prints, i.e., the hues of 
J apan-colors or SWOP colors and shoWs the same change in 
What it looks like With a change of lighting (e.g., a ?uores 
cent lamp and an incandescent lamp) as the ?nal printed 
product. 

[0121] A fourth performance feature of the system devel 
oped by the present invention is satisfactory teXt qualities. 
OWing to the sharp dot shape, the system reproduces ?ne 
lines of letters With sharp edges. 

[0122] Next, features of the material technology adopted 
in the system according to the present invention Will be 
described in greater detail. Laser heat transfer techniques for 
DDCP include (1) a laser sublimation system, (2) a laser 
ablation system, and (3) a laser melt system. In the systems 
(1) and (2), dot outlines are blurred due to dye sublimation 
or scattering. In the system (3), no clear dot outlines can be 
obtained because the molten colorant ?oWs. Based on the 
thin ?lm transfer techniques, We have conceived the folloW 
ing techniques to clear neW problems occurring in the laser 
heat transfer systems and attain further improved image 
qualities. 

[0123] A ?rst material feature of the system is a sharper 
dot edge. In the light-heat conversion layer, laser light is 
converted to heat and the heat is transmitted to the adjacent 
image forming layer, and the image forming layer adheres to 
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the image receiving layer to conduct recording. In order to 
make sharp dots, it is required that the heat generated by 
laser light is transmitted right to the transfer interface 
Without being diffused in the planar direction so that the 
image forming layer may be cut sharply along the heated 
area/non-heated area interface. For this purpose, the light 
heat conversion layer of the heat transfer sheet should be 
reduced in thickness, and the dynamic characteristics of the 
image forming layer should be so controlled. 

[0124] Accordingly, a ?rst technique for accomplishing 
dot sharpening is thickness reduction of the light-heat con 
version layer. As simulated, the temperature of a light-heat 
conversion layer is assumed to instantaneously attains about 
700° C. so that a thin light-heat conversion layer is liable to 
undergo deformation or destruction. A deformed or 
destroyed thin light-heat conversion layer Would be trans 
ferred to an image receiving sheet together With an image 
receiving layer or result in an uneven transfer image. Beside 
this problem, a light-heat conversion layer must have a 
light-heat converting substance in a high concentration so as 
to attain a prescribed temperature, Which Would cause addi 
tional problems such as colorant’s precipitation or migration 
to an adjacent layer. Thus, the heat transfer sheet herein 
employs an infrared absorbing colorant as a light-heat 
converting substance Which is effective at a reduced amount 
compared With carbon that has been often used as a light 
heat converting substance. With respect to a binder, a resin 
Which retains sufficient mechanical strength even at high 
temperatures and has satisfactory ability to hold an infrared 
absorbing colorant is selected. 

[0125] That is to say, it is preferred to reduce the light-heat 
conversion layer thickness to about 0.5 pm or smaller by 
selecting an infrared absorbing colorant exhibiting eXcellent 
light-heat conversion characteristics and a heat-resistant 
binder such as a polyamide-imide resin. 

[0126] A second technique for dot sharpening is for 
improving the characteristics of the image forming layer. In 
the case Where the light-heat conversion layer is deformed or 
the image forming layer itself undergoes deformation due to 
high temperature, the image forming layer transferred onto 
the image receiving layer suffers from thickness unevenness 
in response to the sloW scanning pattern of a laser beam. It 
folloWs that the transfer image becomes non-uniform With a 
decrease in apparent transfer densities. This tendency 
becomes conspicuous With a decrease in image forming 
layer thickness. On the other hand, a thick image forming 
layer has poor dot sharpness and reduced sensitivity. 
[0127] In order to achieve both of these contradict pur 
poses, it is preferred to reduce transfer unevenness by adding 
a loW-melting substance, such as a Wax, to the image 
forming layer. Furthermore, ?ne inorganic particles can be 
added in place of part of binders to increase the layer 
thickness to a proper degree so that the image forming layer 
may be sharply cut along the heated area/non-heated area 
interface. As a result, uniform recording can be accom 
plished Without impairing dot sharpness and sensitivity. 
[0128] In general, loW-melting substances such as Waxes 
tend to bleed on the surface of the image forming layer or to 
crystalliZe, Which can result in impairment of image quali 
ties or deterioration of stability of the heat transfer sheet With 
time. 

[0129] To cope With this problem, it is preferred to select 
a loW-melting substance With a small difference in Sp value 
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from the polymer of the image forming layer. Such a 
substance exhibits improved compatibility With the polymer 
and can be prevented from releasing from the image forming 
layer. It is also preferred to prevent crystalliZation by using 
an eutectic mixture of a plurality of loW-melting substances 
having different structures. As a result, an image of sharp 
dots free from unevenness can be obtained. 

[0130] A second material feature of the system resides in 
the ?nding that heat transfer recording sensitivity depends 
on temperature and humidity. In general, the heat transfer 
sheet changes its mechanical and thermal characteristics on 
moisture absorption by its coating layer, Which means 
environmental humidity dependence of recording. 

[0131] In order to reduce the temperature and humidity 
dependence, it is preferred to employ organic solvent sys 
tems as the colorant/binder system of the light-heat conver 
sion layer and the binder system of the image forming layer 
respectively. It is also preferred to choose polyvinyl butyral 
as a binder of the image receiving layer and to introduce a 
polymer hydrophobiliZation technique for reducing the 
Water absorption of polyvinyl butyral. Available polymer 
hydrophobiliZation techniques include causing a hydroxyl 
group of a polymer to react With a hydrophobic group as 
taught in JP-A-8-238858 and crosslinking tWo or more 
hydroxyl groups of a polymer With a hardening agent. 

[0132] A third material feature of the system lies in 
improvement on hue approximation to the ?nal print. In the 
system of the present invention, the following problem that 
has arisen in the laser thermal transfer system has been 
solved in addition to the color matching management and 
stable dispersing technique amassed through the develop 
ment of a thermal head type color proofer (e.g., First Proof 
supplied by Fuji Photo Film Co., Ltd.). Namely, a ?rst 
technique for achieving improved hue approximation to the 
?nal print consists in use of a highly heat-resistant pigment. 
The temperature of an image forming layer generally attains 
about 500° C. or higher in heat transfer recording by laser 
light. Some of traditionally employed pigments decompose 
at such high temperatures. This problem is averted by using 
highly heat-resistant pigments in the image forming layer. 

[0133] A second technique realiZing improved hue 
approximation to the ?nal print resides in prevention of the 
infrared absorbing colorant from diffusing. If the infrared 
absorbing colorant used in the light-heat conversion layer 
migrates to the image forming layer due to the high record 
ing temperature and, in its turn, the hue of a resultant transfer 
image differs from What is expected. To prevent this phe 
nomenon, the light-heat conversion layer is preferably made 
of the infrared absorbing colorant combined With the above 
described binder capable of securely holding the infrared 
absorbing colorant. 

[0134] A fourth material feature of the system is achieve 
ment of high sensitivity. In high-speed recording With laser 
light, shortage of light energy often occurs to cause gaps, 
particularly gaps corresponding to the scanning pitch in the 
sloW scanning direction. To solve the problem, the high 
concentration of a colorant in the light-heat conversion layer 
and the reduced thicknesses of the light-heat conversion 
layer and the image forming layer serve to increase the 
ef?ciency of heat generation and heat conduction as previ 
ously stated. Additionally, it is preferred to incorporate a 
loW-melting substance into the image forming layer so that 
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the image forming layer becomes slightly ?oWable so as to 
?ll the gaps, and the adhesion of the image forming layer to 
the image receiving layer is improved. It is also preferred to 
use, for example, polyvinyl butyral, Which is a preferred 
binder for use in the image forming layer, as a binder of the 
image receiving layer so as to increase the adhesion betWeen 
the image receiving layer and the image forming layer and 
to ensure the ?lm strength of the transfer image. 

[0135] A ?fth material feature of the system is improve 
ment on vacuum contact. The image receiving sheet and the 
heat transfer sheet are preferably held on a recording drum 
by vacuum contact. The vacuum contact betWeen these 
sheets is of great signi?cance because image transfer 
depends on control of adhesion betWeen the image receiving 
layer of the image receiving sheet and the transfer behavior 
is very sensitive to the clearance betWeen the image receiv 
ing face of the image receiving layer and the image forming 
layer face of the transfer sheet. An increased gap betWeen 
the tWo sheets due to dust or debris results in image defects 
or transfer unevenness. 

[0136] To prevent such image defects and transfer uneven 
ness, it is preferred to give uniform surface roughness to the 
heat transfer sheet thereby alloWing entrapped air to escape, 
thereby making a uniform clearance betWeen the tWo sheets. 

[0137] First technique for improving vacuum contact 
comprises giving surface roughness to the heat transfer 
sheet. To achieve a suf?cient effect of improving vacuum 
contact even in the case of overprinting tWo or more color 
images, the heat transfer sheet is made uneven. Common 
methods of making the heat transfer sheet uneven include 
post-treatments such as embossing and addition of a matting 
agent. Addition of a matting agent is preferred for the sake 
of process simpli?cation and in vieW of material stability 
With time. Amatting agent to be added should have a particle 
siZe larger than the thickness of a coating layer to Which it 
is added. Addition of a matting agent directly to the image 
forming layer Would result in missing of dots from the part 
Where the matting agent particles fall off. This is the reason 
Why a matting agent of an optimum particle siZe is prefer 
ably added to the light-heat conversion layer. As a result, the 
image forming layer provided thereon has an almost uniform 
thickness and is capable of transferring a defect-free image 
to the image receiving sheet. 

[0138] Next, characteristics of the systematiZation of the 
techniques according to the present invention Will be 
described. A?rst feature of the systematiZation techniques is 
con?guration of the recording apparatus. In order to duly 
reproduce sharp dots as discussed above, the recording 
apparatus should be designed precisely. The recording appa 
ratus Which can be used has the same basic con?guration as 
conventional thermal transfer recorders. This con?guration 
is a so-called heat mode outer drum recording system in 
Which a heat transfer sheet and an image receiving sheet held 
on a drum are irradiated With a recording head having a 
plurality of high poWer lasers. The folloWing embodiments 
are preferred among others. 

[0139] Firstly, the recording apparatus is designed to avoid 
contamination With dust. The image receiving sheet and the 
heat transfer sheet are supplied by a full-automatic roll 
supply system so as to avoid contamination With dust or 
debris that might enter if the recording apparatus is manually 
loaded With a stack of cut sheets. 



US 2005/0123869 A1 

[0140] A loading unit containing rolls of the heat transfer 
sheets of four colors, i.e., one roll for one color, rotates to 
sWitch the rolls. During the rotation, each roll is cut at a 
prescribed length With a cutter, and the cut sheet is held onto 
a recording drum. Secondly, the recording apparatus is 
designed to bring the image receiving sheet and the heat 
transfer sheet into intimate adhesion on the recording drum. 
The image receiving sheet and the heat transfer sheet are 
held to the drum by vacuum suction. Since a suf?ciently 
strong adhesion force cannot be mechanically established 
betWeen the image receiving sheet and the heat transfer 
sheet, vacuum suction is employed. A large number of 
vacuum suction holes are formed on the recording drum, and 
the inside of the drum is evacuated With a bloWer or a 
vacuum pump thereby to hold the sheets onto the drum. The 
image receiving sheet is the ?rst to be held by suction, and 
the heat transfer sheet is superposed thereon. Therefore, the 
heat transfer sheet is made larger than the image receiving 
sheet. Air betWeen the heat transfer sheet and the image 
receiving sheet, Which greatly in?uences the image transfer, 
is sucked from the extension area of the heat transfer sheet 
extending from the underlying image receiving sheet. 
[0141] Thirdly, the recording apparatus is designed to 
alloW a plurality of output sheets to be stacked stably on an 
output tray. In the present invention, the recording apparatus 
is contemplated to provide output sheets of B2 or larger siZes 
being stacked on the output tray. When a sheet B is outputted 
and superposed on the image receiving layer of a ?lm Athat 
has already been discharged, the tWo sheets can stick to each 
other because of the heat stickiness of the image receiving 
layer. If this happens, the next sheet is not discharged in 
good order to cause jamming. To prevent phenomenon, it is 
the best to prevent the output sheet B from coming into 
contact With the ?lm A. KnoWn means for preventing the 
contact include (a) a level difference made on the output tray, 
by Which the ?lm is placed non-?at, and a gap is created 
betWeen adj acent ?lms, (b) a slot for output exit positioned 
higher than the output tray so that an output ?lm discharged 
through the slot drops on the output tray, and (c) air ejected 
betWeen adjacent ?lms to ?oat the upper ?lm. Since the 
sheet siZe is as large as B2, application of the means (a) or 
(b) Will make the apparatus considerably larger. Therefore, 
the means (c), i.e., an air ejection method is employed in this 
system. That is to say, the means of ejecting air betWeen 
sheets to ?oat the sheet discharged later. 

[0142] FIG. 2 shoWs an example of the recording appa 
ratus. 

[0143] NoW, steps for full color image formation by use of 
the image forming material and the above-described record 
ing apparatus Will be illustrated in sequence (hereinafter 
referred to as the image formation sequence of the system). 

[0144] 1) In a recording apparatus 1, a recording head 2 
Which slides on rails 3 in the sloW scan (sub-scan) direction, 
a recording drum 4 Which rotates in the fast scan (main scan) 
direction, and a heat transfer sheet loading unit 5 return to 
their starting positions. 
[0145] 2) An image receiving sheet is unrolled from an 
image receiving sheet roll 6 With feed rollers 7, and the 
leading end of the image receiving sheet is ?xed by suction 
onto the recording drum 4 through suction holes (vacuum 
suction holes) of the recording drum. 
[0146] 3) A squeeZe roller 8 comes doWn and presses the 
leading end of the image receiving sheet onto the recording 
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drum 4. When the image receiving sheet in a given length is 
fed due to the rotation of the drum 4, the drum stop rotating, 
and a cutter 9 cuts the sheet. 

[0147] 4) The recording drum 4 further turns to makes one 
revolution to complete image receiving sheet loading. 

[0148] 5) A heat transfer sheet of the ?rst color, e.g., black 
(K), is unrolled from a heat transfer sheet roll 10K and cut 
into a sheet of prescribed length according to the same 
sequence as for the image receiving sheet. 

[0149] 6) Subsequently, the recording drum 4 starts to 
rotate at high speed, and the recording head 2 starts to move 
on the rails 3. When the recording head 2 arrives at a record 
starting position, item its Writing laser beams to irradiate the 
recording drum 4 according to recording signals. The irra 
diation is stopped at a recording terminal position, and the 
operations of the rails 3 and the drum 4 stop. The recording 
head 2 on the rails 3 returns to its starting position. 

[0150] 7) Only the heat transfer sheet K is peeled off With 
the image receiving sheet left on the recording drum. The 
leading end of the heat transfer sheet K is caught in claWs, 
pulled apart from the image receiving sheet, and discarded 
through a discard slot 32 into a Waste box 35. 

[0151] 8) The steps (5) to (7) are repeated for each of the 
heat transfer sheets of the other three colors. Recording is 
performed in the order of black, cyan, magenta and yelloW. 
That is, a heat transfer sheet of the second color (cyan) (C), 
a heat transfer sheet of the third color (magenta) (M) and a 
heat transfer sheet of the fourth color (yelloW) (Y) are 
successively fed from rolls 10C, 10M and 10Y respectively. 
The order of color superimposition in the recording appa 
ratus is the reverse of the general printing order because the 
resulting color image is reversed on re-transfer to paper to 
give a color proof. 

[0152] 9) After completion of the above steps, the 
recorded image receiving sheet is discharged on an output 
tray 31. The image receiving sheet is separated from the 
recording drum in the same manner as for the heat transfer 
sheets (as described in step but is not discarded. When 
it comes near the discard slot 232, it changes its direction by 
a sWitchback mechanism and is forWarded to the output tray. 
When the image receiving sheet exits through the discharge 
slot 33, air 34 is bloWn from under the slot 33 to alloW a 
plurality of sheets to be stacked Without sticking to each 
other. 

[0153] To discharge and stack the above-described heat 
transfer sheet and image receiving sheet, use may be made 
of discharging and stacking mechanisms as Will be shoWn in 
FIGS. 5 and 6. 

[0154] It is preferred to use an adhesive roller having a 
pressure-sensitive adhesive on the surface thereof as one of 
paired feed rollers 7 disposed on any site for supplying or 
feeding the above-described heat transfer sheets and image 
receiving sheet. 

[0155] By providing the adhesive roller, the surface of the 
heat transfer sheet and the image receiving sheet can be 
cleaned. 

[0156] The pressure-sensitive adhesive provided on the 
surface of the adhesive roller may be any pressure-sensitive 
adhesive material. Examples thereof include an ethylene 
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vinyl acetate copolymer, an ethylene-ethyl acrylate copoly 
mer, a polyole?n resin, a polybutadiene resin, a styrene 
butadiene copolymer (SBR), a styrene-ethylene-butene 
styrene copolymer (SEBS), an acrylonitrile-butadiene 
copolymer (NBR), a polyisoprene resin (IR), a styrene 
isoprene copolymer (SIS), an acrylic ester copolymer, a 
polyester resin, a polyurethane resin, an acrylic resin, butyl 
rubber, and polynorbornene. 

[0157] The surface of the heat transfer sheet and the image 
receiving sheet can be cleaned on contact With the adhesive 
roller. The contact pressure is not particular limited so long 
as cleaning can be made. 

[0158] It is preferred that the pressure-sensitive adhesive 
used in the adhesive roller has a Vickers hardness Hv of 50 
kg/mm2 (@490 MPa) or less for thoroughly removing dust 
and thereby preventing image defects caused by dust. 

[0159] “Vickers hardness” is a hardness measured by 
applying a static load to a quadrilateral diamond indenter 
having an angle of 136° betWeen the opposite faces. Vickers 
hardness Hv is obtained from equation: 

[0160] Where P is a load (kg) applied, and d is the length 
(mm) of a diagonal of a square indentation. 

[0161] In the present invention, it is also preferred for the 
pressure-sensitive adhesive material to be used in the above 
adhesive roller to have an elastic modulus of 200 kg/cm2 
(@196 MPa) or less at 20° C. for sufficiently remove dust 
and control image defects. 

[0162] Next, an example of the constitution of a preferred 
embodiment of the present invention Wherein an image 
receiving sheet and a heat transfer sheet are cut into desired 
siZe and then supplied from a cassette Will be illustrated by 
referring to FIGS. 5 and 6. 

[0163] As shoWn in FIGS. 5 and 6, a rotating drum for 
recording 53, Which serves as a recording medium-support 
ing member, is provided in the recording unit of a recording 
apparatus 51. This rotating drum for recording 53 is a holloW 
cylinder and held by a frame 54 in a rotatable manner as 
shoWn in FIG. 6. In the recording apparatus 51, the rotation 
direction of this rotating drum for recording 53 corresponds 
to the main scan direction. The rotating drum for recording 
53 is connected to a motor rotation axis and driven and 
rotated by the motor. The recording apparatus 51 is also 
provided With a cassette body 42. 

[0164] The recording unit is further provided With a 
recording head 56. The rotating drum for recording 53 emits 
laser beam Lb. In the part irradiated With the laser beam Lb, 
the toner layer of a heat transfer sheet 44 is transferred onto 
the surface of an image receiving sheet 45. By a driving 
mechanism Which is not shoWn in the ?gure, the recording 
head 56 linearly moves on guide rails 55 in the direction 
parallel to the rotation axis of the rotating drum for recording 
53. This moving direction corresponds to the sub scan 
direction. By appropriately combining the rotation move 
ment of the rotating drum for recording 53 With the linear 
movement of the recording head 56, a desired part of the 
heat transfer sheet 44 covering the image receiving sheet 45 
can be irradiated With laser. Namely, a desired image can be 
transferred onto the image receiving sheet 45 by scanning 
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the heat transfer sheet 44 With the Writing laser beam Lb and 
irradiating exclusively necessary positions in accordance 
With image signals. 

[0165] A cassette holder 43 is attached to the recording 
medium loading unit of the recording apparatus 51. A 
recording medium cassette 41 having the cassette body 42 
Which contains a multicolor image forming material (also 
called a recording medium) comprising an image receiving 
sheet 45 and a heat transfer sheet 44 is directly attached/ 
detached to the cassette holder 43. In the recording apparatus 
51 Which has the recording medium cassette 41 loaded on 
the cassette holder 43, the recording medium is taken out 
from the recording medium cassette 41 and fed into the 
recording medium supporting unit 53 of the recording 
apparatus 51 by the feed roller 52. 

[0166] It is preferred to use an adhesive roller having a 
pressure-sensitive adhesive material on the surface as the 
feed roller 52. By providing the adhesive roller, the surface 
of the heat transfer sheet and the image receiving sheet can 
be cleaned. 

[0167] The pressure-sensitive adhesive material and its 
properties such as hardness and elastic modulus are the same 
as discussed above With respect to FIG. 2. 

[0168] A second feature of the systematiZation is con?gu 
ration of a heat transfer apparatus. 

[0169] A heat transfer apparatus is used to carry out the 
step of transferring the image printed on the image receiving 
sheet by the recording apparatus to a sheet of the same paper 
as used in ?nal printing (hereinafter simply referred to as “a 
paper sheet”). This step is entirely identical to that carried 
out in First ProofTM. A paper sheet is superposed on the 
image receiving sheet, and heat and pressure are applied 
thereto to adhere the tWo sheets together. Then, the image 
receiving sheet is stripped off, Whereby only the substrate 
and a cushioning layer of the image receiving sheet are 
removed to leave the image and the adhesive layer on the 
paper sheet. This practically means that the image is trans 
ferred from the image receiving sheet to the printing paper 
sheet. 

[0170] In First ProofTM, image transfer is performed by 
superposing a paper sheet and the image-receiving sheet on 
an aluminum guide plate and passing them through heat 
rollers. The aluminum guide plate serves to prevent the 
paper from deformation. If this design is applied as such to 
the system for B2 siZe output, the aluminum guide plate 
should be larger than a B2 siZe, Which results in the problem 
that a large installation space is required. Accordingly, the 
system of the present invention does not use such an 
aluminum guide plate. Instead, the carrier path turns 180° so 
that the sheets are discharged toWard the loading side. As a 
result, the installation space can be largely saved (see FIG. 
3). HoWever, there arises another problem that the paper 
sheet is curled in the absence of an aluminum guide plate. 
The facing couple of the paper sheet and the image-receiv 
ing sheet curls With the image-receiving sheet inWard and 
rolls on the output tray. It is very difficult to separate the 
image receiving sheet from the curled paper. 

[0171] In the present invention, this curling phenomenon 
is averted by taking advantage of the bimetallic effect due to 
the difference in shrinkage betWeen printing paper and the 
image receiving sheet and the ironing effect of the heat 
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roller. Where an image receiving sheet is superposed on 
according to a paper sheet as in a conventional Way, the tWo 
sheets curl With the image receiving sheet inWard by the 
bimetallic effect upon heating because the image receiving 
sheet shoWs larger thermal shrinkage in the direction of 
insertion than printing paper. The direction of curling by the 
bimetallic effect is the same as the direction of curling by the 
ironing effect of the heat roller around Which the tWo sheets 
are Wound. As a result, the curling becomes serious by 
synergism. In contrast, When the paper sheet is superposed 
on an image receiving sheet, doWnWard curling by the 
bimetallic effect occurs Whereas upWard curling is caused by 
ironing effect so that the curls of opposite directions are 
offset by each other. 

[0172] Transfer to printing paper is carried out according 
to the folloWing sequence (Which Will be referred to as the 
printing paper transfer method to be used in this system). A 
thermal transfer apparatus shoWn in FIG. 3, 41 Which can be 
used for this method, is manually operated unlike the 
recording apparatus. 

[0173] 1) To begin With, dials (not shoWn) are turned to set 
the temperature of heat rollers 43 (100 to 110° C.) and the 
transfer speed according to the kind of printing paper 42. 

[0174] 2) An image receiving sheet 20 is put on and the 
dust on the image is removed by an antistatic brush (not 
shoWn). Apaper sheet 42 from Which dust has been removed 
is superposed thereon. Because the upper paper sheet 42 is 
larger than the loWer image receiving sheet 20, it is dif?cult 
to position the paper sheet 42 on the image receiving sheet 
20 hidden from the eye. For improving the ease of the 
positioning Work, marks 45 indicating the positions of 
placement for an image receiving sheet 20 and a paper sheet 
45 are made on an insertion table 44. The reason the paper 
sheet is larger than the image-receiving sheet 20 is to prevent 
image receiving sheet 20 from coming out under the paper 
sheet 42 and staining heat roller 43. 

[0175] 3) The image receiving sheet and the paper sheet 
are inserted into an insert port, and insert rollers 46 rotate to 
feed them to heat rollers 43. 

[0176] 4) When the leading end of the paper sheet 42 
reaches the heat rollers 43, the heat rollers nip the tWo sheets 
to start heat transfer. The heat rollers are heat resisting 
silicone rubber rollers. Pressure and heat are applied simul 
taneously to the image receiving sheet and thus the image 
receiving sheet and the paper sheet adhere together. A 
heat-resistant guide sheet 47 is provided in the doWnstream 
of the heat roller. The image receiving sheet and the paper 
sheet are carried upWard through betWeen the upper heat 
roller and the guide sheet 47 While being heated, separated 
from the upper heat roller by separation claW 48, and guided 
to an output slot 50 along a guide plates 49. 

[0177] 5) The image receiving sheet and the paper sheet 
coming out of the output slot 50 is discharged on the 
insertion table While being adhered. Thereafter, the image 
receiving sheet 20 is separated from the paper sheet 42 
manually. 

[0178] The third feature of the systematiZation technique 
resides in the system con?guration. 

[0179] The above-illustrated apparatus are connected to a 
plate-making system to perform the function as a color 
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proofer. Acolor proo?ng system is required to output a color 
proof as an approximation to ?nal prints outputted based on 
certain page data. Therefore, softWare for approximating 
dots and colors to the ?nal prints is necessary. A speci?c 
example of connection is shoWn beloW. 

[0180] When a proof is to be prepared for the ?nal printing 
product outputted from a plate-making system CelebraTM 
(from Fuji Photo Film Co., Ltd.), a CTP (Computer to Plate) 
system is connected to Celebra. A printing plate outputted 
from this connection is mounted on a press to carry out 
actual printing. To Celebra is connected to the above 
illustrated thermal transfer recording apparatus as a color 
proofer, e.g., Luxel FINALPROOF 5600 from Fuji Photo 
Film Co., Ltd. (hereinafter simply referred to as FINAL 
PROOF), and proof drive softWare PD SYSTEMTM avail 
able from Fuji Photo Film is installed betWeen Celebra and 
FINALPROOF for approximating dots and colors to the 
?nal output. 

[0181] Contone data (continuous tone data) converted to 
raster data by Celebra are converted to binary data for dots, 
outputted to the CTP system, and ?nally printed. On the 
other hand, the same contone data are also sent to PD 
SYSTEM. PD SYSTEM converts the received data accord 
ing to a four-dimensional (black, cyan, magenta and yelloW) 
table so that the colors may agree With the ?nal output. 
Finally the data are converted to binary data for dots so as 
to agree With the dots of the ?nal output, Which are sent to 
FINALPROOF (FIG. 4). 
[0182] The above-described four-dimensional table for 
each color is experimentally prepared in advance and stored 
in the system. The experiment for the preparation of the 
multi-dimensional table is as folloWs. Date of an important 
color are outputted via the CTP system to prepare a printed 
image. The same data are also outputted from FINAL 
PROOF via PD SYSTEM to prepare a proof image. The 
measured color values of these images are compared, and a 
table is prepared so as to minimiZe the difference. 

[0183] Thus, the system con?guration is set up so that the 
performance of the high-resolution image forming elements 
of the invention may be exhibited to the full. 

[0184] Next, the heat transfer sheet Which is a material to 
be used in the system according to the present invention Will 
be described. 

[0185] It is preferred that the absolute value of the differ 
ence betWeen the surface roughness R2 of the front face of 
the image forming layer and the surface roughness R2 of the 
back face thereof of the heat transfer sheet is 3.0 pm or 
smaller and that the absolute value of the difference betWeen 
the surface roughness R2 of the front face of the image 
receiving layer and the surface roughness R2 of the back 
face thereof of the image receiving sheet is 3.0 pm or 
smaller. OWing to such a constitution combined With the 
above-described cleaning means provided by the adhesive 
roll, image defects and jamming in the sheet path can be 
prevented and dot gain stability can be improved. The 
surface roughness R2 is as de?ned above. 

[0186] For enhancing the above-described effects, it is still 
preferred that the absolute difference betWeen the surface 
roughness R2 of the front face of the image forming layer 
and the surface roughness R2 of the back face thereof of the 
heat transfer sheet image receiving sheet 1.0 pm or smaller 
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and that the absolute difference between the surface rough 
ness R2 of the front face of the image receiving layer and the 
surface roughness R2 of the back face thereof of the image 
receiving sheet is 1.0 pm or smaller. 

[0187] It is preferred for the image forming layer of each 
heat transfer sheet to have a gloss of 80 to 99. 

[0188] The gloss of the image forming layer largely 
depends on the smoothness of the layer and relates to the 
thickness uniformity of the layer. An image forming layer 
With a higher gloss has higher thickness uniformity and is 
more suited for high precision image formation. HoWever, 
higher smoothness leads to higher resistance in sheet trans 
portation, i.e., being in trade-off. Where the surface gloss 
ranges 80 to 99, a balance betWeen smoothness and trans 
portation resistance Will be achieved. 

[0189] Next, the scheme of multicolor image formation by 
thin ?lm heat transfer using a laser Will be described by 
referring to FIG. 1. 

[0190] An image forming laminate 30 composed an image 
receiving sheet 20 piled on the surface of an image forming 
layer of a heat transfer sheet 10 containing a black (K), cyan 
(C), magenta (M) or yelloW (Y) pigment is prepared (see 
FIG. 1(a)). The heat transfer sheet 10 comprises a substrate 
12, a light-heat conversion layer 14 provided thereon, and an 
image forming layer 16 further provided thereon. The image 
receiving sheet 20 has a substrate 22 and an image receiving 
layer 24 provided thereon. The tWo sheets are superposed 
With the image receiving layer 24 facing the image forming 
layer 16 of the heat transfer sheet 10 (FIG. 1(a)). On 
imageWise irradiating the laminate 30 With a laser beam 
from the side of the substrate 12 of the heat transfer sheet 10 
in a time series, the irradiated area of the light-heat conver 
sion layer 14 of the heat transfer sheet 10 generates heat to 
and thus the adhesion force to the image forming layer 16 is 
loWered (FIG. 1(b)). Then, the heat transfer sheet 10 is 
stripped off from the image receiving sheet 20 While leaving 
the irradiated area 16‘ of the image forming layer 16 on the 
image receiving layer 24 of the image receiving sheet 20 
(FIG. 1(c)). 
[0191] In multicolor image formation, the laser light for 
the irradiation preferably comprises multibeams, particu 
larly multibeams of tWo-dimensional array. Multibeams of 
tWo-dimensional array are a plurality of laser beams 
arranged in a tWo-dimensional array such that the spots of 
these laser beams form a plurality of lines in the main scan 
direction and a plurality of roWs in the sub scan direction. 

[0192] By using multibeams in a tWo-dimensional array, 
the time required for laser recording can be shortened. 

[0193] Laser beam of any kind can be used in recording 
With no limitation, including direct laser beams such as gas 
laser beams, e.g., an argon ion laser beam, a helium neon 
laser beam, and a helium cadmium laser beam, solid state 
laser beams, e.g., a YAG laser beam, a semiconductor laser 
beam, a dye laser beam, and an excimer laser beam. Light 
rays obtained by converting these laser beams to half the 
Wavelength through a second harmonic generation device 
can also be used. In multicolor image formation, it is 
preferable to use semiconductor laser beams, taking the 
output poWer and ease of modulation into consideration. A 
laser beam is preferably emitted to give a spot diameter of 
5 to 50 pm (particularly 6 to 30 pm), on the light-heat 
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conversion layer. The scanning speed is preferably 1 m/sec 
or higher (still preferably 3 m/sec or higher). 

[0194] In multicolor image formation, it is preferred that 
the thickness of the black image forming layer in the black 
heat transfer sheet is larger than that of the other image 
forming layers of the other heat transfer sheets (e.g., yelloW, 
magenta, and cyan) and preferably ranges from 0.5 to 0.7 pm 
in general, still preferably from 0.5 to 0.7 pm. OWing to such 
constitution, density reduction due to non-uniform transfer 
of the black image forming layer can be lessened in the step 
of laser irradiation. 

[0195] In the case Where the thickness of the image 
forming layer in the black heat transfer sheet as described 
above is loWer than 0.5 pm, it is sometimes observed that the 
image density is largely loWered due to uneven transfer in 
high-energy recording thereby failing to attain a satisfactory 
image density necessary as a color proof for printing. Since 
this tendency becomes conspicuous under high humidity 
conditions, density varies Widely depending on environment 
in some cases. In the case Where the above-described layer 
thickness exceeds 0.7 pm, on the other hand, the transfer 
sensitivity is loWered in laser recording and reproducibility 
of small dots and ?ne lines is Worsened in some cases. This 
tendency becomes conspicuous under loW humidity condi 
tions. It is also observed in some cases that the resolution is 
Worsened. The layer thickness of the black image forming 
layer of the black heat transfer sheet as described above is 
still preferably 0.55 to 0.65 pm, particularly preferably 0.60 
pM. 
[0196] In addition to the black image forming layer thick 
ness ranging 0.5 to 0.7 pm, it is preferred that the other color 
image forming layers of the other heat transfer sheets (e.g., 
yelloW, magenta and cyan) have thickness of from 0.2 to less 
than 0.5 pm. 

[0197] In the case Where the thickness of these image 
forming layers (e.g., yelloW, magenta, cyan, etc.) is less than 
0.2 pm, it is sometimes observed that density is loWered due 
to transfer unevenness in laser recording. In the case Where 
the layer thickness exceeds 0.5 pm, on the other hand, the 
transfer sensitivity is loWered or resolution is Worsened in 
some cases. A still preferred thickness thereof is from 0.3 to 
0.45 pm. 

[0198] It is preferred for the image forming layer of the 
black heat transfer sheet to contain carbon black. The carbon 
black to be incorporated preferably comprises at least tWo 
kinds different in tinting strength from the vieWpoint of ease 
of controlling re?ection density While maintaining a P/B 
(pigment/binder) ratio Within a speci?c range. 

[0199] The tinting strength of carbon black can be repre 
sented in various terms, for example, PVC blackness dis 
closed in JP-A-10-140033. PVC blackness of carbon black 
is determined as folloWs. Carbon black to be evaluated is 
dispersed in a PVC resin by a tWo-roll mill and molded into 
a sheet. The blacknesses of Carbon Black #40 and #45, both 
available from Mitsubishi Chemicals Co., Ltd. being taken 
as 1 point and 10 points, respectively, the PVC blackness of 
the sample sheet is rated by visual observation on a 10 point 
scale. TWo or more carbon blacks having different PVC 
blacknesses can be used in an appropriate combination 
according to the purpose. 

[0200] Next, a speci?c method of preparing a sample Will 
be illustrated. 




























































